) and general hypotheses have been developed (Wiens 1989 ), but few studies have examined the interactive relationship between scale and pattern driving processes.
Several approaches have been developed to deal with analyses of variability across spatial scales and description of scale dependent patterns (Kershaw 1957 ; Greig-Smith 1983; Home & Schneider 1995). They include (1) analyses of data sets at several spatial scales so that results can be compared and reported across multiple scales, (2) matching environmental variation with population/community variance patterns from different spatial scales, and (3) explicit treatment of measurement scale in experimental design (Home & Schneider 1995) . Incorporating the appropriate scale of observation within the design of experiments would require extensive knowledge and possibly pilot studies. Obviously, this approach is the most appropriate for studying patterns associated with spatial scales, but few, if any, long-term (> 10 yr) data sets are available to specifically evaluate scaling effects over time. Therefore, we will focus on the first and second approaches and apply them to long-term data from several grazing treatments to determine relationships between vegetation dynamics, heterogeneity, and grazing across several scales.
The influence of herbivores may be expressed at landscape-, community-, population-, individual-, and plant part levels of organization (Senft et Vegetation dynamics of an ungrazed semi-arid grassland were dependent upon spatio-temporal scales of evaluation . Large-scale (pasture) dynamics following removal of grazing was characterized by low variation between units (synchronous movement through time), high variation within units, high predictability, and apparent movement toward a relatively stable state although fluctuating with precipitation. At the small-scale (within pasture, i.e. quadrat), dynamics were described as highly variable between units, little or no predictability, and no indication of movement toward a stable state. Small-scale units with similar starting points followed divergent trajectories through time (asynchronous movement). This approach identified different patterns for the same data at two different scales within an ungrazed grassland. The current study extends this analysis to three spatial scales within three grazing intensities over nearly a 50-yr period and discusses the relationships between spatial scale and plant size, longevity, grazing history and weather patterns.
Study area
The Sonora Research Station is located within the Edwards Plateau Vegetation Area (Hatch et al. 1990 
Quantitative methods
Vegetation dynamics were evaluated at three spatial scales and three grazing treatments to evaluate the relationship between spatial scale differences within three grazing regimes. Large-scale dynamics were analyzed by summing the 36 individual quadrats within each treatment unit (ungrazed n = 2, moderately grazed n = 4, heavily grazed n = 2). Intermediate scales were evaluated by summing the 12 quadrats along each of the three sampling lines within each treatment unit (ungrazed n = 6, moderately grazed n = 12, heavily grazed n = 6) and the small scale assessed the dynamics of individual quadrats (ungrazed n = 38, moderately grazed n = 117, heavily grazed n = 56). Basal area variation of H. belangeri, the most abundant species, was used to describe scale-dependent behavior on long-term temporal dynamics of this ecosystem because of its dominance across all treatments . Prior to statistical analysis, quadrats that did not contain H. belangeri for more than 10 of the 21 sampling years were removed from analyses. In the ungrazed treatment 34 quadrats were removed which left 38 quadrats for small-scale analysis. 16 quadrats were removed from heavily grazed treatments which left 56 quadrats for small-scale analysis. In the moderately grazed treatment, 27 quadrats were removed which left 117 for analysis. All treatments were sampled annually from 1949 to 1964, then in 1968, 1982, 1984, 1987, 1992 
Results
Large-scale (the sum of 36 30.5 cm x 30.5 cm quadrats within each pasture) temporal dynamics of H. belangeri basal area are highly variable and dependent upon precipitation patterns and long-term grazing treatments (Fig. 1) . Large-scale dynamics were similar for heavily and moderately grazed treatments throughout the study and variation was largely accounted for by correlation with a three-year running average of precipitation (r = 0.72 and r= 0.69, respectively). In the ungrazed treatment, precipitation was significant (r = 0.47) but not as important as in other treatments because directional successional changes associated with the removal of domestic herbivory altered patterns following the drought of 1951-1956 (Fig. 1) . Since 1965, the ungrazed treatment has never been above 600 cm2 basal area whereas both grazed treatments fluctuated but had maximum values > 1000 cm2. Correlation analysis (Fig. 3) and analyses of the coefficients of variation (Fig. 4) indicate that the relationships between units are dependent upon spatial scale and treatment. Across all grazing treatments, the relationship between units becomes stronger as the spatial scale is increased. However, the rate of the increase in the correlation coefficient is different for each treatment. At the large scale, dynamics of H. belangeri was relatively predictable in that all replications within each treatment responded similarly and were primarily influenced by weather patterns, long-term grazing intensity, and the increase in invasive woody plants. Large-scale units in the moderately grazed treatment had the greatest variation between units. The correlation between moderately grazed large-scale units was only slightly higher than the correlation between intermediatescale units suggesting that large-scale dynamics of this treatment was not as predictable as in other treatments. The moderately grazed treatment included four largescale units from a rest/rotation grazing regime where each unit is grazed for a year and rested for four months. Spatial and temporally variable patterns of herbaceous biomass production and grazing within each unit results in a feedback that leads to divergent behavior where treatments may become more divergent over time. In addition, the timing of rainfall events relative to the rest/ rotation cycles can result in variable levels of grazing intensity which can alter productivity during subsequent years. Within these units, moderate grazing can result in biomass that is less limited than with heavy grazing, so grazing patterns become spatially variable. Uneven distribution of grazing in space and time results in variable community structure within-and betweentreatment units where some areas resemble heavily grazed communities while other, less accessible areas may be similar to ungrazed communities (Bakker et al. 1983; Fuls 1992 ). Therefore, moderate grazing increased largescale heterogeneity by creating conditions that lead to patch grazing. Because of limited forage, heavy grazing forces livestock to utilize most of the landscape evenly reducing the inherent heterogeneity of ungrazed communities. 
Conclusions

